Abstract Urban environmental quality is vital to be investigated as the majority of people live in cities. However, given the continuous urbanization and industrialization in urban areas, heavy metals are continuously emitted into the terrestrial environment and pose a great threat to human. In this study, a total of 76 urban surface soil samples were collected in the Klang district (Malaysia), and analyzed for total and bioavailable heavy metal concentrations by inductively coupled plasma-optical emission spectrometry. Results showed that the concentrations of bioavailable heavy metals declined in the order of Al, Fe, Zn, Cu, Co, Cd, Pb, and Cr, and the concentrations of total heavy metals declined in the order of Fe, Al, Cu, Zn, Pb, Cr, Co, and Cd. Principal component analysis (PCA) showed that heavy metals could be grouped into three principal components, with PC1 containing Al and Fe, PC2 comprising Cd, Co, Cr, and Cu, and PC3 with only Zn. PCA results showed that PC1 may originate from natural sources, whereas PC2 and PC3 most likely originated from anthropogenic sources. Health risk assessment indicated that heavy metal contamination in the Klang district was below the acceptable threshold for carcinogenic and non-carcinogenic risks in adults, but above the acceptable threshold for carcinogenic and non-carcinogenic risks in children.
Urban soil pollution by heavy metals, such as aluminum (Al), iron (Fe), zinc (Zn), copper (Cu), cobalt (Co), cadmium (Cd), lead (Pb), and chromium (Cr), is an ongoing environmental concern (Foo et al. 2008 ; Lee et al. 2006 in Korea; Chen et al. 2005 in Beijing, China; Li et al. 2001 in Hong Kong) . Pollution sources in urban areas are both anthropogenic (industrial emission, traffic emission, coal combustion, waste incineration, and agriculture waste) and natural. Urban surface soil acts as sinks for heavy metals and many other pollutants that persist for long time periods (Kelly et al. 1996) . With continued exposure, heavy metal concentrations in urban surface soil become elevated and may lead to toxic effects in humans and the environment. To evaluate the toxicity of heavy metal concentrations in soils, both total and bioavailable heavy metal concentrations may be assayed. Typically, the total heavy metal concentrations are used to measure the pollution status of the environment, spatial statistics, and speciation, whereas the concentrations of bioavailable heavy metals are used to assess the possible impact of these heavy metals on human health (Kamaruzzaman et al. 2008; Sany et al. 2012; Naji and Ismail 2012; Oomen et al. 2003) . Although both total and bioavailable concentrations can be used to measure health risk, the fact that only a certain proportion of total soil heavy metal concentration can be accumulated by humans makes the bioavailable concentration a more relevant measure (Luo et al. 2012) . Heavy metals in urban surface soil can be transported into the human body through ingestion, dermal exposure, and inhalation pathways. Soil ingestion and dermal exposure may occur during outdoor activities, especially for young children (Luo et al. 2011) . Soil dermal exposure adheres easily to the skin; soil ingestion caused by the mouthing behavior of young children is an important potential pathway of exposure to estimate the amount of soil inadvertently ingested, and may constitute a health risk. Soil can also be easily resuspended in air by wind erosion or human feet, and generate airborne particles or dusts that can pose potential human health risk through inhalation (Chen et al. 1997) . The percentage of heavy metal accumulation through these pathways into the human body mainly depends on the pH of the gastrointestinal environment (Ljung 2006) .
Principal component analysis (PCA) is the most popular, and likely the oldest, multivariate technique (Abdi and Williams 2010) . This technique is a statistical method that classifies the relations among measured variables, and has been widely used in the past to identify heavy metal soil pollution sources (Facchinelli et al. 2001) . Studies that used PCA to identify pollution sources in urban areas include Li et al. (2013) in Shenyang, China, Yang et al. (2011) in Changchun, China, and Cai et al. (2012) in Huizhou, China. The varimax rotation method is the most widely used in heavy metal studies of soils because this method can maximize the variances of factor loadings across variables for each factor (Yang et al. 2011; Yongming et al. 2006) . In varimax rotation, each original variable is associated with one factor or a small number of factors. The factors can often be interpreted from positive loadings to a few variables with negative loadings (Jackson, 2005) . Factor loadings of more than 0.71 are typically regarded as excellent, whereas values\0.32 are considered poor (Yongming et al. 2006) . However, identification of the source of a heavy metal is not sufficient without measuring its effect on human health. Thus, health risk assessment (HRA) is needed.
HRA has been defined as the characterization of the potential adverse health effects of human exposure to environmental hazards (Theodore and Dupont 2012) . In HRA, the environmental extent and human exposure of a pollutant are related to the type and degree of hazard posed by the pollutant, thereby permitting an estimate of the present or potential health risk to the group of people involved. Human health risk estimation is determined for both carcinogenic risk (increased probability of an individual developing cancer over a lifetime) and non-carcinogenic risk (chronic or sub-chronic effects other than cancer) over a range of exposure scenarios. The human health risk estimates caused by heavy metal exposure are calculated using conservative exposure assumptions and United States Environmental Protection Agency (USEPA)-verified toxicity values called cancer slope factors (SFs) (for carcinogenic effects) and reference doses (RfDs) (for non-carcinogenic effects; USEPA 2002). A measure of bioavailable heavy metal concentrations gives a highly accurate result in HRA (Kalbitz and Wennrich 1998; Elless et al. 2007; Peijnenburg et al. 2007 ). This finding is supported by Luo et al. (2012) , who stated that the actual health risks of heavy metals in soil depend on the fraction that is soluble in the gastrointestinal tract and available for absorption. Hence, only a fraction of the total heavy metal content of soil is humanly bioavailable, and using bioavailable heavy metal concentrations in HRA is more accurate than using the total heavy metal concentrations. Bioavailable heavy metal concentrations were used by Man et al. (2010) in Hong Kong, Lee et al. (2006) in Korea, Luo et al. (2012) in Xiamen, China, and Praveena et al. (2014) in Seri Kembangan, Malaysia, to identify the carcinogenic and non-carcinogenic risks of the population from exposure to heavy metals in urban surface soil. A few in vitro digestion models have been used to determine the bioavailability of heavy metals, including physiologically based extraction test (PBET), simplified bioaccessibility extraction test, German DIN 00 19738, simulator of human intestinal microbial ecosystem of infants, Rijksinstituut voor Volksgezondheid en Milieu (RIVM) in vitro digestion model, and TNO gastrointestinal model. A review conducted by Yuswir et al. (2013) showed that the PBET in vitro digestion model is the model that has been the most widely used in assessing the bioavailability of heavy metals in soils because PBET is simple, easy to conduct, and has been validated with in vivo experimental data from swine studies.
This study aimed to determine both the total and bioavailable concentrations of heavy metals (Fe, Cu, Zn, Co, Cr, Al, Pb, and Cd) in Klang's urban surface soil, and identify the relationship between bioavailable heavy metals and their sources using multivariate analysis. This study also aimed to assess the human health risks (carcinogenic and non-carcinogenic) of bioavailable heavy metal concentrations using HRA. This study will fill a gap in the literature by reporting the human health impacts of heavy metals in the Klang district. This study may also guide policy decisions aimed at protecting human health and the environment.
Materials and Methods
The Klang district consists of northern and southern Klang. Klang Town, located 32 km south-west of Kuala Lumpur, is the royal town of the state of Selangor. It is also one of Bull Environ Contam Toxicol (2015) (Samat et al. 2011) , and is impacted by both land and sea-based anthropogenic activities that contribute to high concentrations of heavy metals in Klang waters, sediment, soil, and biota (Yap et al. 2003; Ismail et al. 1993 , Dayang and Che Fauziah 2013 , Kamaruzzaman et al. 2008 Sany et al. 2012; Naji and Ismail 2012) . Approximately 70 % of anthropogenic activities come from the industrial sectors, which have made the Klang district one of the developed districts in Selangor. Anthropogenic activities include power generation, iron smelting, chemical industries, and construction activities located in the Klang district. Moreover, rapid development has produced wastes from the agricultural, industrial, commercial, and transportation industries. Heavy metal deposition in soil from anthropogenic activities has been implicated for an increase in heavy metal concentration above background and recommended levels (Naji and Ismail 2012) . A total of 76 urban surface soil samples were collected from May 2013 to September 2013 in the Klang district, Selangor (Fig. 1) . A random sampling method was used, subject to the availability and accessibility of sampling sites. Sampling locations were recorded in the form of global positioning system coordinates. Urban surface soil samples were collected from various locations, such as industrial sites, residential sites, agricultural areas, town area, port, school, and mangrove. Table 1 shows a description on the land use for each sampling location. Approximately 20 g per sample of urban surface soil was collected with stainless steel scoops from the top 5 cm and then placed into polyethylene bags for transport to the laboratory. The USEPA (2011) mentioned that stainless steel scoops are suitable because they do not contaminate soil samples with the metals used in the construction of the samples (Mitra and Kebbekus 1997) . Stainless steel scoops have also been used in other studies that involved the collection of soil to measure the heavy metal content (Man et al. 2010 in Hong Kong; Olawoyin et al. 2012 in Nigeria; Luo et al. 2012 in China) . Urban surface soil samples were air-dried, homogenized by mortar and pestle, and sieved through a 2 mm mesh screen before storage in polyethylene bags.
Soil samples were digested using the aqua regia digestion method. The standard aqua regia extraction procedure, in accordance with ISO Standard 11466, is commonly used to achieve acid-extractable elemental concentrations. Approximately 2 g of each soil sample was added to a conical flask with 15 mL of aqua regia consisting of a 3:1 ratio of hydrochloric and nitric acids and then heated for digestion to 120°C. After 2 h, the mixture was allowed to cool down to room temperature. The samples were then filtered using a 0.45 lm Millipore filter to reduce any microbial contamination, and stored in plastic bottles prior to analysis. Total heavy metal concentration was determined by inductively coupled plasmaoptical emission spectrometry (ICP-OES) with Perkin Elmer Optima 8300. Human bioavailability was determined by PBET, an in vitro digestion model, as described by Man et al. (2010) . Gastric solution was prepared by adding 3 mL of NaCl, 0.5 g of malate, 0.430 mL of lactic acid, 0.5 mL of acetic acid, and 1.25 g of pepsin (Sigma Chemical Co.) into 1 L of deionized water, with a pH of 1.5 using 12 M hydrochloric acid. Soil (1 g) was placed into a 50 mL plastic centrifuge tube, added with 30 mL of prepared gastric solution, and shaken by a shaker at 55 rpm for 1 h at 37°C. Simulation of the gastric condition was changed to intestinal condition by adjusting the pH to 7.0 with the addition of 1 M NaOH, 0.06 g of porcine bile extract, and 0.018 g of porcine pancreatin (Sigma Chemical Co.). During the intestinal condition simulation, the samples were shaken with the same shaking incubator above 55 rpm for 4 h at 37°C. The samples were then centrifuged at 3300 rpm for 10 min at 37°C. The supernatant was filtered through a 0.45 lm Millipore filter to reduce any microbial contamination. Finally, the filtered samples were analyzed by ICP-OES to determine the bioavailable heavy metal concentration. The total and bioavailable heavy metals that were detected by ICP-OES were Fe, Cu, Zn, Co, Cr, Al, Pb, and Cd.
For quality control, all glassware was cleaned before the analysis by soaking in 10 % nitric acid overnight and then rinsed three times with deionized water before use (Naji and Ismail 2011) . All chemicals, especially enzymes, were stored at recommended storage temperatures before and after use to prevent denature. All sample tests were run in triplicate during ICP-OES analysis. Blank samples of deionized water were also analyzed to identify any possible contamination by reagents, digestion chemicals, and digestion vessels. Blanks were also used to check if sample material was carried over from previous measurements, and verify the adequacy of the rinsing procedure (Radojevic and Bashkin 1999). Analytical accuracy was also monitored by analyzing standard reference soil samples (Montana Soil 2711a). Before conducting the analysis, the ICP-OES Perkin Elmer Optima 8300 was calibrated using the Perkin Elmer multi-element calibration standard 3. Calibration coefficient values, limit of detection (LOD), and limit of quantification (LOQ) are presented in Table 2.  Table 2 also shows the recovery rates for these heavy metals using standard reference soil (Montana Soil 2711a). Recovery rates were between 90 % and 120 %, which were sufficient for environmental analysis and analytical results (Man et al. 2010; Bialk-Bielinska et al. 2009 ).
Descriptive statistics were calculated using SPSS version 20 to explain data distribution. Kruskal-Wallis test was used to compare the mean total and bioavailable heavy metal concentrations. PCA was used to identify the relationship between bioavailable heavy metals and their possible sources. PCA is widely used to reduce data and extract a small number of latent factors, or principal components (PC), for the analysis of relationships among observed variables. To ease the interpretation, PCA with varimax normalized rotation was applied, which can maximize the variances of the factor loadings across variables for each factor. All principal factors extracted from the variables were retained with eigenvalues [1.0, as suggested by the Kaiser criterion. When PCA with varimax normalized rotation was performed, each PC score contains information on all of the heavy metals combined into a single number, and the loadings indicate the relative contribution of each heavy metal to that score (Yongming et al. 2006) .
In HRA, carcinogenic and non-carcinogenic risk exposures for both children and adults to urban soil were applied using mean, median, and maximum values of bioavailable heavy metal concentration. The carcinogenic risk was calculated for lifetime exposure, estimated as the incremental probability of an individual developing cancer over a lifetime as a result of total exposure to the potential carcinogen. According to the USEPA (2011), heavy metals with carcinogenic risk are Cd, Cr, and Pb, whereas noncarcinogenic heavy metals are Fe, Zn, Cu, A, Co, Cd, Cr, and Pb. To evaluate HRA through the ingestion exposure pathway in children and adults, the chronic daily intake (CDI) (mg/kg/day) of a contaminant was applied. Equation 1 was used to estimate CDI via the ingestion exposure pathway.
The Exposure Factors Handbook (USEPA 2002) was used as the main guide to obtain the ingestion rate (IngR), exposure frequency (EF), exposure duration (ED), conversion factor (CF), and averaging time (AT) values in the CDI calculation for soil. The HRA non-carcinogenic risk was determined using Eq. 2, with RfD values taken from integrated risk information system (USEPA 2002) and risk assessment information system (RAIS) (USDOE 2011). Hazard quotient (HQ) value of 1 refers to the threshold reference value suggested by USEPA (2002) as the acceptability for non-carcinogenic health effects (USEPA 2002) . In cases in which the non-carcinogenic HQ does not exceed unity (HQ \ 1), no potential non-carcinogenic risks are assumed to occur in the study area. Table 3 shows the values, parameters, and RfDs used in Eqs. 1 and 2.
HQ non-carcinogenic risk ð Þ ¼CDI/RfD ð2Þ
For carcinogenic risk, Eq. 3 from the Exposure Factors Handbook (USEPA 2002) was used to calculate the CDI for ingestion. The carcinogenic risk, or the probability of cancer affecting human health in a lifetime, was calculated using Eq. 4 and the SF value from RAIS (USDOE 2011). An acceptable threshold reference value of carcinogenic risk to adults and children is 1.0E -04 based on the USEPA (2002). The sum of the carcinogenic risks from multiple heavy metal exposures (Cd, Cr, and Pb) is known as total risk. In cases in which the total risk is lower than the acceptable threshold reference value (total risk \1.0E -04), no likelihood of developing carcinogenic risks was assumed for adults and children in the study area.
Carcinogenic risk: CDI Â SF ð4Þ
Results and Discussion 
The results showed that the highest bioavailable heavy metal concentration in Klang urban surface soils was Al, whereas the lowest bioavailable heavy metal concentration was Cr. The results of the Kruskal-Wallis test also showed a significant difference between the means of the total and bioavailable heavy metal concentrations (Table 4) . Therefore, only a small part of the total heavy metal concentration in soils became bioavailable to the human body, confirming previous studies (Luo et al. 2012) . The difference between total and bioavailable heavy metal concentrations depends on their chemical behavior, soil properties, and individual characteristics of the receptor (organism or plant). High sorption capacity in combination with the partly natural characteristics of the heavy metal presence in parent materials makes the metals less available. The bioavailability of heavy metals also depends on certain parameters, such as pH, organic matter, clay colloids, and soil type (Siebielec et al. 2006) . In Malaysia, the natural sources of silicate and non-silicate minerals in soil are Al and Fe, which are derived from kaolinite, gibbsite, goethite, and hematite (Tessens and Shamshuddin 1983) . Zn is added as an additive in lubricants, and it reduces tire wear and corrosion in automotive exhaust systems (Sappok et al. 2010) . Pb, which mostly involves aerosol combustion products in vehicle releases close to roadways, is initially deposited within about 50 m of a roadway if no obstructions are present. Thus, the surface soil becomes the repository of Pb deposited over decades, particularly for old roads, where soils will retain almost most of the Pb over a period of approximately 60 years. The Selangor Plan Annual Meeting Report (2012) stated that the industrial area in the Klang district, which is approximately 2714.25 ha (4.73 %), represented by the Klang Utara Industrial area, Klang Selatan Industrial area, Port Klang Industrial area, Bukit Raja Meru Industrial area, and Jalan Kapar Industrial area, mostly involved industries related to batteries, electroplating, and paint. These industries are more likely to release Cr into the environment, including into the soil (Hussain, 1990) . Lihan et al. (2006) also showed that Co contents are high in areas near the oil terminal and metal industries in Pulau Indah, Klang, which are influenced by the types of soil present in the study area. Cu alloy is used in mechanical parts to improve corrosion resistance and has high thermal conductivity. Cu bioavailability is greater in alkaline soils than that in acidic soils. The pH values of tropical soil in Malaysia, which range from 3 to 5 (Shamshuddin et al. 2011) , explain the low bioavailability of Cu in these surface soil samples. PCA results on bioavailable heavy metal concentrations indicated that the eigenvalues of the three extracted components were greater than one. PCA results were extracted using the varimax rotation method. According to Table 5 , heavy metals were grouped into three PCs. PC1 showed high factor loadings of Al and Fe. PC2 showed high factor loadings of Cd, Co, Cr, and Cu. PC3 showed a high factor loading on Zn. During PCA analysis, bioavailable heavy metal concentration, rather than total heavy metal concentration, was used because bioavailable concentrations are more accurate in measuring human health effects.
For PC1, Table 5 illustrates the accumulation in soil from natural sources. Al may originate from silicate minerals, such as kaolin, feldspar, and mica, and in non-silicate minerals, such as gibbsite (Radojevic and Bashkin 1999) . According to Wust et al. (2002) , the soil in Peninsular Malaysia contains both silicate and non-silicate minerals, such as kaolinite and gibbsite. Natural sources of Fe in soil include non-silicate minerals, such as hematite and geothite (Poveromo 1999) . In Malaysia, the natural sources of Al and Fe in soil are derived from kaolinite, gibbsite, goethite, and hematite (Shamshuddin and Anda 2008) .
PC2 consisted of Cd, Co, Cr, and Cu concentrations from anthropogenic sources, which probably originated from industrial and vehicular emissions. Concentrations of Cd, Co, and Cr may originate from the manufacturing sector, specifically the electronics and semiconductor industry. Shazili et al. (2006) stated that the electronics and semiconductor industry in Peninsular Malaysia, of which Klang is a part, has been identified as a major source of waste containing high concentrations of heavy metals, such as Cd, Co, Pb, and Cr. The metal plating industry is also a likely anthropogenic source of Cd, Co, and Cr in the urban area (Garba et al. 2014 ). Debnárová and Weissmannová (2010) stated that the concentrations of Cd, Co, and Cr in urban soils may originate from manufacturing wastes from industrial factories. Naji and Ismail (2010) and Sapari et al. (1996) showed that industrial waste and by-products containing heavy metals (such as Cd and Cr) are generated in a metal finishing factory in Klang and then discharged into the Klang river. The Cu concentration in urban soils may come from vehicular emissions because Cu is a component of brake pads (Petersson 2005) . PC3 consisted of Zn, which likely originated from anthropogenic vehicular emissions because tires contain Zn (Kouji and Yoshiaki 2004) . Al-Khashman (2007) also stated that Cu and Zn in urban areas are deposited by tire abrasion, the corrosion of metallic parts in cars, and from lubricants. Garba et al. (2014) stated that the high level of Cu and Zn in urban soils may be due to traffic density, internal combustion, leakage of oils, and the wearing out of tires because of repeated braking coupled with the high temperature and nature of roads.
The HQ value for each element for adults and children was calculated using mean, median, and maximum values of bioavailable heavy metal concentrations in Table 4 . HQ values for each element were below 1, a threshold reference value suggested by the USEPA (2002). For carcinogenic Bold value denotes the factor loadings above 0.40 that were obtained after varimax rotation was performed risks, only Cd exceeded the acceptable threshold reference value for carcinogenic risk to adults and children (1.0E -04). According to Jarup (2003) , high exposure to Cd may cause kidney damage, skeletal damage, and fractures. The potential health risks posed to humans by heavy metal exposure do not arise from only a single heavy metal, but are often exacerbated by the presence of multiple heavy metals; the magnitude of the adverse effect is assumed to be proportional to the sum of multiple metal exposures (Guerra et al. 2012 ).
To evaluate the potential risk to human health from multiple heavy metal exposures, the total HQ value, quotient (total), was calculated for non-carcinogenic risk, and total TR value for carcinogenic risk (USEPA 2002) was determined using the mean, median, and maximum values of bioavailable heavy metal concentrations. For non-carcinogenic heavy metals, Fig. 2 shows that the non-carcinogenic risks were below the acceptable threshold reference value for adults, but above the acceptable threshold reference value for children suggested by the USEPA (2002). Examples of noncarcinogenic risks are stomach ache, nausea, vomiting, and diarrhea. Figure 3 shows that the carcinogenic risks were below the acceptable threshold reference value for adults, but above the acceptable threshold reference value for children. Children are also at great carcinogenic and non-carcinogenic risks because they tend to have considerable contact with soil, and are more likely for this interaction to lead to hand-to-mouth oral ingestion of soil (Luo et al. 2012 ).
Children ingest significant quantities of soil or dust because of their hand or finger sucking behavior, which has been widely regarded as one of the key metal exposure pathways for children (Zhao et al. 2014) . Although HRA can be used to measure the health risk to humans from exposure to heavy metals, this approach has some limitations. The limitations of HRA are related to its usage and the fact that HRA can only highlight health risks and not diagnose a specific disease (Paustenbach 2002) . Furthermore, all values used in HRA calculations, such as body weight, IngR, and ED values, are taken from the USEPA. Nevertheless, these values have also been widely used by other countries, such as China, Korea, and Nigeria, to determine the general health risks in their study area or population (Alexander 2000) . Despite its limitations, HRA can help measure and monitor the population health status by providing a snapshot of current health risk, especially in terms of health risks associated with heavy metal exposure. In this capacity, HRA can be used to assist policy makers and government regulators in regulating environmental hazards to protect human health (Paustenbach 2002) . This study was also subject to limitations in instrumentation. Inductively coupled plasma mass spectrometry can measure heavy metal concentrations down to parts per billion, and a finer resolution than ICP-OES used in this study can be achieved. However, detecting heavy metal concentrations in soil using ICP-OES is sufficient because heavy metal concentrations in soil are within the range of ICP-OES detection, as proven by Man et al. (2010) and Luo et al. (2012) .
Bioavailable heavy metal concentrations in the urban soils of the Klang district appeared in the decreasing order of Al, Fe, Zn, Cu, Co, Cd, Pb, and Cr, and total heavy metal concentrations were in the decreasing order of Fe, Al, Cu, Zn, Pb, Cr, Co, and Cd. A significant difference was noted between total and bioavailable heavy metal concentrations. Only a fraction of the total heavy metal content of soil will become bioavailable in the human body. PCA results showed that heavy metals could be grouped into three PCs. PC1 contained Al and Fe, PC2 contained Cd, Co, Cr, and Cu, and PC3 contained Zn. PCA results also showed that PC1 may originate from natural sources, whereas PC2 and PC3 may originate from anthropogenic sources. HRA results in this study showed that heavy metal contamination in the Klang district was below an acceptable threshold for carcinogenic and non-carcinogenic risks via the soil ingestion pathway for adults, but above these thresholds for children. Cd was identified as a potential health risk to the human population in the Klang district. Fig. 3 Total risk using the mean, median, and maximum values of bioavailable heavy metal concentration
